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ABSTRACT 

I ' The r e su l t s  of recent f ree- f l igh t  surface-pressure measurements a re  presented 
fo r  the NASA Scout launch vehicle f o r  Mach numbers up t o  about 4, free-stream 
dynamic pressures up t o  about 2,300 pounds per square foot ,  and Reynolds numbers 
based on vehicle length up t o  about 400 million. 
microphones up t o  the  time of second-stage f i r i n g  were telemetered t o  the ground 
s t a t ion  f o r  recording and analysis.  The overdll surface noise leve ls  were noted 
t o  increase roughly as the dynamic pressure increased, but did not vary markedly 
as a f'unction of Mach number. However, a Mach number e f f ec t  on the spectral  con- 
t e n t  of the surface noise pressures was noted as  a general r e s u l t  of the t e s t s .  
I n  par t icu lar ,  the  spectra a t  the  higher Mach numbers contained r e l a t ive ly  more 
high-frequency noise and r e l a t ive ly  less low-frequency noise than spectra measured 
a t  low speeds. The r e s u l t s  of the  above t e s t s  a r e  compared with available data 

Useful data from two onboard 

1 
' from other f ree- f l igh t  studies.  
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INTROIXTCTION 

For a var ie ty  of f l i g h t  vehicles,  aerodynamic noise i s  s i p i f i c a n t  f romthe  
standpoint of exci t ing d i r ec t ly  the vibration modes of the surface s t ructure ,  
causing sensi t ive equipment t o  malfunction, and in t e r f e r ing  with the  normal duty 
functions of the  vehicle occupants. 
i n  t h i s  problem because aerodynamically induced disturbances a re  inherently more 
important with regard t o  high-performance a i r c ra f t  and launch vehicles.  
a large number of aerodynamic-noise s tudies  have been made, most of these have 
been ana ly t ica l  i n  nature or have involved laboratory experiments ra ther  than 
free-fl ight-type experiments (see r e f .  1). 
fu l l - sca le  f r ee - f l i gh t  data which apply d i rec t ly  t o  r e a l i s t i c  ranges of f l i g h t  
conditions and f o r  comparison with other studies. 

In t e re s t  has been in tens i f ied  i n  recent years 

Although 

It i s  par t icu lar ly  desirable t o  have 

The f ree- f l igh t  conditions for  which aer amic-noise data a re  available 
(see r e f s .  2 t o  8) can be summarized b r i e f ly  

of three types of test  vehicles as a function of Mach number. 
the crosshatched area,  it can be seen that data a re  avai lable  fo r  fighter-type 
a i r c r a f t  fo r  Mach numbers up t o  2 but fo r  only a l imited range of Reynolds numbers. 
A s  indicated by the  hatched region, fo r  bombers and transport-type a i r c r a f t  the 
Reynolds number range i s  more extensive but the Mach number range i s  l imited.  
Although several  attempts have been made t o  obtain launch-vehicle measurements 
for  the ranges indicated by the shading on the  figure,  no comparable systematic 
data a re  available.  Research r e su l t s  t o  date (see re fs .  3 and 7) have suggested 
t h a t  both Mach number and Reynolds number a re  s ignif icant  parameters. With regard 
both t o  launch vehicles and the proposed supersonic t ransport ,  there  i s  a need f o r  
measurements i n  the range of Mach numbers and Reynolds numbers encompassed by the 
so l id  curve. Because of the operational l imitat ions of current a i r c r a f t ,  it i s  
necessary t o  make use of launch vehicles i n  order t o  obtain data i n  t h i s  l a t t e r  
Mach number - Reynolds number range. 
Scout launch vehicle  fo r  t h i s  purpose and presents a summary of f l i g h t - t e s t  
r e s u l t s  (see re f .  9).  

' t h  the a i d  of f igure 1. In f i g -  
we  1 are  p lo t ted  the ranges of Reynolds numb %"" rs associated with the  operation 

A s  represented by 

The present paper describes the use of the 

SCOUT VMICLF:  PERFORMANCE AND DESCRIPTION 

An indicat ion of t he  range of Reynolds numbers and Mach numbers associated 

bers were calculated based on distance rearward from the  nose of the vehicle t o  
with t.hc .c?.cg~+ l21Aq&--;c)yjele ti-ajectoi=y is givexi in f igure 2.  Fne Reynolds num- 
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the transducer location. The range of Reynolds numbers indicated was associated 
with t w o  instrument locations on the vehicle. A s  a matter of i n t e re s t  it can be 
seen that  the Reynolds number range extends above 200 million f o r  a range of Mach 
numbers of par t icu lar  i n t e r e s t  fo r  the supersonic transport  and f o r  various launch 
vehicles. 

The test-vehicle shape and s ignif icant  dimensions, along with the onboard 
The vehicle was roughly equipment, can be described with the  a i d  of figure 3. 

72 f ee t  i n  length with a maximum diameter of 40 inches. The two microphone meas- 
uring s ta t ions were located approximately 34 fee t  and 68 f e e t ,  respectively,  back 
from the nose. The nature of the onboard measuring and telemetering equipment i s  
indicated by the photographs a t  the  left-hand side of the vehicle. 
onboard equipment with the exception of the battery-power supply and cabling 
weighed about 4 pounds, and the la rges t  dimension was approximately 7 inches. 
The microphones had a diameter of about 1/2 inch, were f lush mounted i n  the vehi- 
c l e  surface, and were connected t o  an FM telemeter t ransmit ter  through the  
associated amplifier and ca r r i e r  equipment shown. These instruments, together 
with the ground-station tape-recording equipment, provided a frequency range of 
about 50 t o  10,000 cps fo r  each microphone channel. 

A l l  of t h i s  

I 

The nature of the experiment plus a schematic indication of the  manner i n  
which data were acquired a re  shown i n  f igure 4. 
was carried as a "piggy-back" payload i n  conjunction with the launching of reentr: 
payload. The vehicle was launched from Wallops Island, Virginia,  and was tracked 
by means of a nearby radar f a c i l i t y .  
noise data from both microphones using one data l ink .  
and tape recorded a t  the ground s ta t ion ,  a l so  located a t  Wallops Island. 
data were obtained up t o  the  time of second-stage igni t ion.  
included f i r s t - s tage  burning, during which time the vehicle passed through the 
m a x i m  dynamic-pressure condition and achieved a Mach number of about 4, plus  
the coast period between f i r s t - s t age  burnout and second-stage igni t ion.  
maximum distance between the  vehicle and the receiving s t a t ion  during the  time 
of data acquisit ion was approximately 30 miles, a t  which time the vehicle was a t  
approximately 100,000 f e e t  a l t i t ude .  

The aerodynamic-noise equipment 

The telemeter system transmitted real-time 

Usable 
The s ignal  was received 

Thus, the data 

The 

PF@SENTATION OF MEASUIIED DATA 

A s  i n  some previous experiments, it was noted t h a t  the noise pressures 
increased as  the free-stream dynamic pressure increased. 
i l l u s t r a t e d  by the curves of f igure 5 i n  which the  vehicle free-stream dynamic 
pressure and the measured noise pressures a r e  both p lo t ted  a s  a function of Mach 
number. It can be seen t h a t  a t  the lower Mach numbers the  noise-pressure curve 
follows the dynamic-pressure curve qui te  closely.  It can, however, be seen t h a t  
the nOiSe-preSSure curve peaks a t  a lower Mach number than the dynamiC-preSSWe 
curve and, furthermore, there  i s  a deviation from the  dynamic-pressure curve a t  
higher Mach numbers. 
effect  which i s  shown i n  f igure 6 and which will be explained i n  more d e t a i l  
during the discussion of f igure 7. 

This phenomenon i s  

This deviation may be explained i n  pa r t  by a Mach number 
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This ef fec t  i s  i l l u s t r a t e d  by the data of f igure 6 i n  which t h e  surface- 

coefficient 
a t  the two measuring s ta t ions.  The so l id  portions of the curve suggest a t rend 
toward reduced surface pressure coeff ic ients  a t  the  higher Mach numbers. 
dashed portions of the curve a t  high Mach numbers correspond t o  f l i g h t  conditions 
a t  high a l t i t ude  and very low associated dynamic pressures. The signal-to-noise 
r a t i o s  a re  ra ther  low a t  these la t te r  conditions, and thus the dashed curves a re  
based on less r e l i ab le  data. 

p2 q i s  p lo t ted  a s  a function of Mach number fo r  the  data obtained T7I 
The 

Analyses of the  recorded data have indicated a def in i te  e f fec t  of Mach num- 
ber on the spectral  content of the  measured pressures, and t h i s  e f fec t  i s  i l l u s -  
t r a t e d  i n  f igure 7. Data are presented here for microphone 2 a t  two d i f fe ren t  
times i n  the f l i g h t  fo r  which the  dynamic pressure conditions were essent ia l ly  

a Mach number of 0.67 i s  shown by the c i r c l e  symbols, and the octave band spectrum 

were noted t o  have a single broad peak, and th i s  peak moved t o  higher frequencies 
as the Mach number increased. In  the specif ic  case i l l u s t r a t e d  i n  f igure 7, t h i s  
peak i n  the spectrum i s  noted t o  change from about 2,000 cps a t  the lower Mach 
number t o  about 8,000 cps a t  t he  higher Mach number. 

' equal but the  Mach numbers were great ly  different .  

1 obtained a t  Mach number 4.1 i s  represented by the square symbols. 

The octave band spectrum f o r  

The spectra 

There i s  a suggestion t h a t  the  instruments did not have a suf f ic ien t  f r e -  i 
quency range t o  measure a l l  t he  s ignif icant  fr  quency components a t  the  higher 
Mach numbers. Thus there  i s  a tendency t o  un restimate the surface-pressure I l eve ls  a t  the  higher Mach numbers, and t h i s  w d Id account, i n  pa r t  a t  l e a s t ,  f o r  

1 the  e f f ec t s  noted a t  the  higher Mach numbers i n  figures 5 and 6. 

COMF'AFUSON WITH OTHER DATA 

The range of pressure-coefficient values measured f o r  the Scout vehicle i s  
compared with similar data from other f ree-f l ight  studies i n  figure 8. 
seen t h a t  these data compare favorably i n  magnitude with those measured f o r  t he  
B-47 and B-57 a i r c r a f t  (see refs. 5 and 6)  a s  indicated i n  the  figure,  and f o r  
which the  Reynolds numbers were of comparable magnitude. These values a re  con- 
siderably higher than those measured on the  nose cone of a f igh ter  a i r c r a f t  
( ref .  4) f o r  which the  Reynolds numbers were much lower, and hence the loca l  flow 
conditions might have been considerably different.  
notably lower, however, than those measured f o r  the  Mercury spacecraft (ref.  8) 
which had rough external  contouring and possible associated flow separation and 
shock-wave interact ions.  

It can be 

The Scout data values are 

CONCLUDING RESIARKS 

A brief discussion has been give2 cf s,xprlxzt i n  which aeroGynamic-noise 
data a t  high Reynolds numbers were obtained i n  the supersonic-speed range with the  
a i d  of a launch vehicle from which real-time information was telemetered t o  a 
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ground recording s t a t i o n .  
spectrum shape a s  a funct ion of Mach number, t h e  higher frequencies being asso- 
c i a t e d  with the higher Mach numbers. Another r e s u l t  suggests t h a t  t h e  surface- 
pressure coef f ic ien ts  a t  supersonic Mach numbers do not vary markedly from those 
a t  subsonic Mach numbers f o r  comparable flow conditions.  

The r e s u l t s  of t h i s  experiment ind ica te  a s h i f t  i n  
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Figure 6. - Surface pressures measured on Scout vehicle. 
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